Summary
In England and Wales, in 1985, there were 1003 deaths from oral cancer in men which produced an all-ages age-standardized rate of 2.77 per 100000. This represented 1.4% of all cancer deaths and 0.3% of all deaths occurring in men in that year. Essentially similar rates were found for Scotland.
The data from France were particularly interesting. In that country, 5278 deaths were recorded producing a standardized rate of 15.19 per 100000 which represented 6.6% of all cancer deaths and 1.8% of all deaths.
Geographical variation
At present, the highest incidence rates of mouth cancer in men are to be found in Bas-Rhin, France [All rates shall be the directly-adjusted, annual, agestandardized rates per 100 000 person-years using the World Standard Population (as described in ref 3) unless otherwise stated in the text.] Rates are also high in Calvados, France (6.9)and Bombay, India (6.5).
The lowest incidence rates are reported from Northern European countries, Eastern European countries and Japanese and Chinese population groups. Rates in women, overall, are generally lower than in men although the highest female rate (Bangalore) was higher than the highest recorded male rate. Interestingly, the five highest rates recorded in women are from the five regions oflndia (Bangalore 15.7, Madras 10.0, Poona 6.3, Bombay 5.0 and Magpur 4.6).
Rates of mouth cancer in Britain are generally intermediate in each sex. Overall, the incidence in each sex is higher in Scotland than England and Wales (men 2.0 and 1.2; women 0.8 and 0.5).
Around 1975, the incidence of mouth cancer in men appeared almost double in 'urban' as opposed to 'rural' areas of the same region <Table 2). This excess was observed in 14 of 16 regions where the necessary data were available. Using data from around 1980, the pattern was not so clear although 6 out of 11 regions had higher rates in urban areas than in rural areas. Of the seven regions with such data covering both time periods, the excess of mouth cancer observed in urban areas of Miyagi, Japan and Doubs, France both disappeared between these observation points ( Table 2) . In those regions of the United States where mouth cancer rates were available for blacks and whites, rates in each sex were consistently higher in blacks (the only two exceptions were in women in Los Angeles and New Orleans) ( Table 3 ).
Time trends
Throughout previous decades there have been consistent reports of decreases in the occurrence of oral cancer in many areas including parts of England and Wales4, the United States", Australia" and Czechoslovakia 7 • The decreases observed in oral cancer have, in many instances, been examined over periods of time too brief to establish unequivocally the validity of these observations, although a study from Texas has confirmed a decreasing incidence of oral cancer in men, but not in women, over two decades from 1947 8 • Data for more recent time periods, however, suggest that mouth cancer is now increasing. For instance, in the Nordic countries, Hakulinen and colleagues" who grouped tongue, mouth and pharynx, demonstrated that the incidence, having previously fallen, is rising again and that this pattern is present in both men and women. Hakulinen et at. 9 also reported that the incidence is currently at its highest recorded level in Denmark and, although data from the other Nordic countries (Sweden, Norway and Finland), exist for a shorter period of time, it is apparent that the incidence rates are also increasing amongst men in Sweden and Norway.
Of the 24 countries for which oral cancer mortality data were available covering periods of time between 1955 and 1985, and for which there was an interpretable trend, 23 showed an increase in mortality with only Finland recording a decrease over this period. In the United Kingdom <Figure1) this increase was quite small in younger cohorts while in the Federal Republic of Germany <Figure 2) a steeply increasing risk increase was demonstrated in the same cohorts.
It is clear, from the data presented above, that rates of oral cancer in general (including mouth cancer) in many countries throughout the world will continue to rise for several decades from now and that mouth cancer will become an increasingly important public health problem in many Western societies. There is also evidence from a large clinical series that the age of patients with oral cancer has been declining!".
Analytical epidemiology
Tobacco smoking In 1950, Mills and Porter!' reported a study of 124 cases of cancer of the oral cavity from Detroit and Cincinatti and 185 controls from Ohio, and found that the percentage of cigar and pipe smokers was almost twice as high amongst male cancer cases than amongst controls, but that there was no significant relation to cigarette smoking. Vogler et at. 12 compared the characteristics of all patients with cancer of the mouth, pharynx and larynx who attended a clinic in Atlanta over a 19-month period from January 1956; their series comprised 333 patients and three control groups, one of which was a group of 787 who did not have cancer. Vogler et at. 12 found residence (urban or rural) to have an effect on the results such that among urban men there was a greater proportion of cases smoking each type of tobacco (cigarette, cigar, pipe) but no significant differences among men from rural areas. The number of tobacco smokers among women in case and control groups was low.
Keller and Terrisl" studied 598 cases of cancer of the mouth and pharynx and a similar number of controls from three New York City Veterans' Administration hospitals; they found an increased risk and strong dose-risk relationship for tobacco smokers. Those who smoked more than 40 cigarette equivalents per day were estimated as having a risk 6.9 times that of non-smokers and when the analysis was restricted to a sub-group of cases and controls (154 in total) where each case was matched for age and alcohol consumption to a control, a much smaller increased risk for smokers was found -of the order of 2.8 times that for non-smokers.
Among non-drinkers, Wynder, Bross and Feldman", found a relative risk for oral cancer among cigarette smokers of 3.0 and for three levels of increasing cigarette smoking reported a dose-response relationship with risk rising to 2.9, 1.8 and 8.4 as cigarette consumption increased. Rothman and Keller-" reported a relative risk for cigarette smokers of 1.5 among non-drinkers and also found that the risk increased with increasing 'dose' of cigarettes, rising from 1.5 and 1.4 to 2.4 amongst the heaviest smokers. Graham et al. 15 also found an increased risk of 1.5 for cigarette smokers among non-drinkers.
A more recent study from France-" reported highly significant increased risks of mouth cancer at all levels of tobacco smoking with a strong dose-response relationship present in the data.
Jussawalla and Deehpande'? reported a case control study from Bombay which included patients with cancer of the oral cavity and an equal number of controls matched by age, sex and religion selected from voters' lists. They found a relative risk of 2.8 for those who smoked compared to those non-smokers and non-chewers (of betel); 6.0 for chewers of betel quid with or without tobacco relative to non-smokers and non-chewers; and 10.1 for those who both smoked and chewed betel relative to non-smokers and non-chewers. Examination of their data revealed that the aetiological fraction for smoking was 65%, and 90% for smoking plus chewing.
An !ARC (International Agency for Research on Cancer) Working Party18 concluded that there was sufficient evidence that tobacco was carcinogenic to humans and that the occurrence of malignant tumours of the upper digestive tract was causally related to the smoking of different forms of tobacco (cigarettes, cigars, pipes, bidis).
Betel quid and areca nut chewing
The chewing of betel is a habit of great antiquity and is widespread throughout South-East Asia: Burton-Bradley has estimated there are 200 million people worldwide who practice the habit'", The composition, type and quality of the chew vary not only between countries but also between areas within a single country.
Fells, in 1908, noted in a series of 209 patients with oral cancer that the cancer most often occurred at the site in the mouth where the patient kept the quid 2o • He also remarked that the incidence of oral cancer was particularly high on the South-West coast ofIndia where he had worked and attributed this to the method of preparation of the quid which involved its being steeped in a thick, black syrup. Maxwell'" observed that in Formosa he had seen few cases of oral cancer although betel quid chewing was common in his area and despite the fact that he thought the composition of the chew was the same as in India, although his description of the ingredients did not include tobacco. Davidson 22 and Spittel 23 , in the 1920s, both thought the addition of tobacco to be an important factor. This was investigated by Orr 24 who conducted a prototype case-control study using Journal of the Royal Society of Medicine Volume 83 November 1990 727 100 cases of oral cancer from the same hospital as Fells 20 and 100 controls. His data showed that chewers had an increased risk of oral cancer but also that there was a strong association with the amount of time they chewed, the highest risk being for those who retained the quid in the mouth while sleeping. Orr 24 concluded that it was the alkaloids produced by the action of lime on the tobacco which were carcinogenic and that the lime from shells which were used in coastal regions was more injurious than that from limestone and also that the use of stronger tobacco such as that of south India was more likely to produce cancer than milder tobaccos.
Khanolkar-" observed that the incidence of mouth cancer in India did not correlate well with the popularity of betel chewing and he believed that the habit was closely associated with the development of mouth cancer only when tobacco was added to the chew. Shanta and Krishnamurti'" examined 347 oral cancer cases in Madras and found 85% of those with cancer chewed betel, areca and tobacco compared with 13% of the control group, and that 9% of the cases chewed betel and lime alone compared with 52% of the controls.
Jussawalla and Deshpande-? considered the effect of chewing, the separate and combined effects of chewing and smoking and the effects of chewing betel with and without tobacco. The habit of chewing was associated with an increased risk of oral cancer. (OR=4.4, (95%C.l. (3.4,5.6)); when analysing subsites within the mouth the highest risk was found for the buccal mucosa (OR=7.7). People who smoked only and those who chewed only were found to have an increased risk of cancer of the oral cavity relative to those who practised neither habit. The risk associated with smoking and chewing was significantly greater than the risk derived from only one habit but slightly less than the individual effects combined multiplicatively. When they considered those who chewed with and without tobacco there was an increased risk of oral cancer for both groups with the risk being greater for cancer of the oral cavity in those chewing with tobacco.
An !ARC Working Party27 concluded that there was sufficient evidence that the habit of chewing betel quid containing tobacco was carcinogenic in humans, although there was inadequate evidence that the habit of chewing betel quid without tobaccowas carcinogenic to humans. The Working Party concluded that there was sufficient evidence that the combined habits of smoking tobacco and chewing betel quid without tobacco caused oral cancer although the evidence did not allow an assessment of the possible contribution of betel quid without tobacco to this carcinogenic risk.
Alcohol
Increased mortality from cancer of the oral cavity has been observed for decades in occupations thought to be associated with a high alcohol coneumption'"; among groups of alcoholics in Norw ay29, Canada'", Massachusetts'", and among United States Veterans 32 ; alcoholics in the Kaiser Permanente Cohort 33 , among Japanese doctors 34 and Danish brewery workers'", although the latter risk was not statistically significant. In contrast, groups who abstain from alcohol such as Seventh Day Adventists and Mormons have reduced risks of oral cancer'". An increased risk of mouth cancer has been invariably found in association with alcohol consumption in case-control studies irrespective of the geographic location of the study and also of how the alcohol intake was expressed": This is fairly convincing evidence for a role in alcohol consumption in the aetiology of mouth cancer which appears to be independent of cigarette smoking". There is evidence, such as that reported by Rothman and Keller'", that cigarette smoking and alcohol consumption act synergistically to increase the risk of cancer of the mouth. However, this finding was not supported by all studies, eg Graham et al. 15 • Diet Primary sideropenic anaemia <Paterson-Brown-Kelly syndrome or Plummer-Vinson syndrome) has been associated with an increased risk of oral cancer 38 ,39. Larsson et al. 40 held the high levels of this syndrome in some parts of rural northern Sweden to account for the high rates of oral cancer in women and as the high rates of Plummer-Vinson syndrome have fallen in Sweden, so too has the incidence of oral cancers.
Recent epidemiological and laboratory evidence has suggested that vitamins A and C and carotenoids may be protective against epithelial cancers and Marshall et al. 4 1 reported decreased risks of oral cancer with high intakes of vitamin A and vitamin C, both vitamins exhibiting a dose-response relationship with the risks remaining after controlling for smoking and alcohol consumption. Similar findings were reported from a study of 227 women with oral cancer in which decreased risks were found for high intakes of fresh fruit, green leafy vegetables and other vegetables and for high intakes of bread and cereals 42 • These protective findings were recently confirmed by McLaughlin and his coworkers'".
Oral snuff
Vogler et al. 12 observed that the male to female ratio of oral cancer was lower in Southern States including South Carolina and that a typical female oral cancer case in the South had, as part of a description, '... admitted to the habitual use of (oral) snuff'. A case-control study from North Carolina-s found an increased risk of oral cancer with use of oral snuff among white non-smokers (OR=4.2, (95% C.1. (2.6,6.7» and a non-significant increase among white smokers. Among the white non-smoking group, the highest users of oral snuff had a very significant increased risk for cancer of the gum and buccal mucosa (OR=47.5, (95% C.1. (9.1,249.5». It is considered that oral snuff is an avoidable carcinogenic hazard".
Occupation
The early report observing an increased mortality rate of tongue cancer and upper alimentary tract .cancer in general among persons in the alcohol trade 28 has not been substantiated by follow-up studies of brewery workers in Ireland" and in Denmark'". Vogler et al. 12 found significantly more oral cancer among female textile workers than was expected. Binnie et al. 47 noted the same excess in men in England and Wales and Moss and Lee 48 found the occurrence of oral and pharyngeal cancers in textile workers in England and Wales to be 77% greater than expected (based on the national rates) and found significant excess for the individual sites of tongue, mouth and pharynx. When specific occupations within the textile industry were considered, the greatest excess of cases occurred in fibre repairers (0=11.1, E=2.6, 0/E=4.27, P<O.OOOl).
Lloyd et al. 49 found a significant excess of deaths from buccal cavity and pharyngeal cancers among printing press men (0=22, E=13.6, 0/E=1.62). A similar excess was found in a smaller cohort study in New York where Nicholson et al.50 observed 17 cases against 6.8 expected; a ratio of 2.50. However, two smaller studies failed to find a significant excess risk of oral and pharyngeal cancer in workers in the printing trades 51 ,52. Mouthwash From the results of published studies, there appears to be limited evidence that the use of mouthwash may be associated with an increase in the risk of oral cancer in groups such as non-smoking, non-drinking women who are ordinarily at a low risk 53 -55 • No study, however, hasfound an association with frequency of use and it remains possible that if this observed relationship is true, then the relationship may not be causal and could be explained by confounding factors. The issue of time since first use of mouthwash has not been well addressed; it is conceivable that the development of an oral cancer could lead individuals to obtain a mouthwash to counteract early symptoms of the malignancy. This putative association requires clarification and studies should be mounted to investigate dose-response with frequency of use, duration of use, and type of product used as a mouthwash before an association can be accepted.
Poor dentition
Although it has long been suggested-" that poor dentition may be associated with oral cancer, there has been only one substantial epidemiological study ofthis subject. Graham et al. 15 found significant increases in risk of oral cancer among those with poor dentition which persisted after adjusting for other risk factors.
Conclusion
Oral cancer is one of the few forms of malignant disease which is increasing notably in many countries of the developed and developing world. It is a disease which has attracted relatively little attention from epidemiologists compared to many other forms of cancer. Cigarette smoking and alcohol consumption have clearly been identified as important aetiological risk factors for mouth cancer in the developed world. In the developing world, cigarette smoking and betel chewing are also important risk factors. There is also evidence that mouth cancer risk increases with the use of oral snuff and suggestions that dietary factors may also be of importance in the aetiology of this disease. At the present time it does not appear that occupational factors are important causes of mouth cancer and the role of mouthwash, dentition and other risk factors, such as Candida albicans, herpes simplex or human papillomavirus infection, remain unclear'". There has recently been a number of important publications on the epidemiology of oral cancer'", Prospects for the prevention of mouth cancer clearly do exist. Reduction of tobacco smoking and alcohol consumption would bring about substantial declines in the frequency of mouth cancer in developed countries. Reductions in cigarette smoking and betel chewing would bring about similar reductions in the Indian subcontinent. Another possible factor in reducing mortality from mouth cancer would be an increased awareness of mouth cancer among dentists, clinicians and the general public which could possibly lead to earlier diagnosis.
